Abstract: Ingestion of inorganic arsenic species can cause various adverse health effects. Midical use of arsenic and its derivatives was reported through the history. Arsenic targets different molecules in cellular organelles, direct or indirectly activate genes, enzymes or proteins. The resultant deranged cell signalings and altered gene expressions promote apoptosis of the malignant cells and sometimes normal cells. The mechanisms of toxicity resides in the interaction between sulful and arsenite, also the arsenate substitution for phospate in bioreactions. Chelation by DMSA (meso-Dimercaptosuccinic acid), DMPS(sodium 2,3-dimercapto-1-propane sulfonate) , BAL(British anti-lewisite) are the mainstay of acute intoxication by arsenic. Metabolisms of arsenic were listed. Arsenic accumulation in rice made it the major and largest source of the inorganic arsenic for human being in food products. Researchers began attemptting to study the detoxiation of arsenic in food by physical and chemical means.
Introduction
Arsenic is one of the five most toxic heavy metals in the world. It can be easily accumulated in animals and plants, thereby causing excess arsenic contamination in food (1) . Exposure to toxic arsenic species results in an increased risk of acute or chronic arsenic poisoning. The typical endemic arsenic poisoning appeared in some arsenic contaminated areas in China, including Xinjiang, Inner Mongolia, Hunan, and Guangdong (2). Food is the major vector to deliver arsenic to human body. Arsenic is present in food in many different chemical forms based on their physical, chemical, biological properties, and toxicity levels. The most toxic form found in food is As (III) (3), which is known to bind readily to sulfhydryl groups of enzymes, leading to enzyme inhibition. As (V) is less toxic than As (III) and is structurally similar to phosphate, which may disrupt metabolic reactions that require phosphorylation (4) . Because of the higher mobility and toxicity of As (III) than As (V), the oxidation of As (III) to As (V) is required to remove inorganic arsenic and reduce the toxicity (5) .
In this mini-review, As (III) oxidation has been discussed, which is significant for the studies of detoxification mechanism of arsenic. It also summarizes the effects of arsenic on human body at different levels.
Arsenic in Food

Arsenic source
Arsenic in food comes from 2 sources: one is from the gaseous, water or solid wastes, which are produced manually from industrial manufacture, mining, arse-cooking, arsenic concentration of cod increases 27%. In standard water solution, AsB would partially decompose into TMAO (11%) and TMAs (68%) when temperature reach 160°C and MMA would partially decompose into inorganic arsenic as well (12, 15) . Decarboxylation induced by heating is considered to be the mechanism of decomposing of AsB.
Arsenic Toxicity
Inorganic arsenic has been classified by the International Agency for Research on Cancer as Group I carcinogen; while MMA and DMA also belong to potential carcinogen (16) . Arsenic enters the body in a solution form, so its toxicity mainly depends on their chemical structure and solubility (17) . The toxicity of inorganic arsenic is much higher than organic arsenic. For example, the toxicity of As (III) is approximately 300 times higher than that of AsB, which is mainly accumulated in animal seafood (18) . This explains why large amount of intake of seafood can't lead to arsenic poisoning.
As (III) is a protoplastic poison due to its effect on sulfydryl group during cells interference with enzymes, cell respiration, and mitosis (19) . DMA and MMA can form free radical by enzyme demethylation, which promotes lipid peroxidation and cell damage (20) . Ingestion of low dose via food or water is the main pathway to delivery metalloid into the organism. The absorption takes place in the stomach and intestines, followed by release into the bloodstream and further toxic effect on metabolic enzymes, lipid peroxidation, and gene expression. Arsenic can cause both acute and chronic poisoning.
Chronic toxicity 2.1.1 Arsenic and diseases
The World Health Organization used the term arsenicosis to designate chronic medical condition caused by prolonged exposure to high dose of arsenic (21) . In chronic poisoning, arsenic is converted by the liver to a less toxic form and excreted to the urine. Only exposure to abovesafety-dosage of arsenic can lead to appreciable accumulation in the body. Other alternative pathways to enter the body include inhalation and dermal exposure (22) .
An Argentina research showed a clear association between high levels of arsenic in water and the frequency of related diseases in Argentina (23) . Also in India, there are many types of chronic diseases were caused by drinking arsenic-contaminated groundwater, including skin manifestations, systemic manifestations, respiratory disease, gastrointestinal disease, liver disease, cardiovascular disease, diseases of nervous system, hematological effects, and diabetes (24, 25) . In Guizhou, China, coal with high arsenic is burned inside the home for cooking or warming. The air, water and food contains a high concentration of arsenic. Therefore, approximately 17% of the residents in this region suffer dermal lesions, such as hyperkeratosis of palms of the hands and soles of the feet, the pigmentation and hypopigmentation on the trunk (26).
Effects of Arsenic in Cells Effects of Arsenic on Cellular Signaling
Arsenic is able to alter cell signaling by interfering with certain cell compounds like protein kinase C (PKC) and its relationship with brain damage was also tested in glial cell (27) . Arsenite exposure induces translocation of signal transduction mediating isoenzymes-PKCα(protein kinase), PKCε, PKCδ-from the cytosol to the plasma membranein an epidermal cell line, leading to AP-1 (activator protein) stimulation by increasing the activity ot its mitogenic component protein, c-fos and c-jun as the result of inhibiting a constitutive JNK phosphatase, subsequently affects phosphorylation of many transcription factors that enhance expression of immediate early gene . Arsenic could activate members of the MAPK (mitogen-activated protein kinase), which contains signal-related kinase, and could result in tissue inflammation (28 inhibits NF-kB, which is a cellular inflammatory signal factor, by reacting IKKα(IκB kinase α) which contains thiol group as target (29) .
Effects of Arsenic on Cell as oxidative stress
DMA(III) and DMA(V) can reduce iron from ferritin by oxidizing thiols, results in relese of iron and iron-dependent formation of reactive oxygen species. Generated reactive oxygen species would lead to accumulation of intracellular hydrogen peroxide. Hydrogen peroxide could act on the proteins of mitochondrial pores, destroys mitochondrial inner transmembrane potential and mediates apoptosis (30) .
Arsenic could enhance cell proliferation, nitric oxide production, poly (ADP) ribosylation and NAD+ depletion, DNA strand breaks and micronuclei formation. Redox regulates important cell functions. It resides in sulfhydryl groups on cysteins in redox sensitive signaling proteins and enzymes. Arsenite binds to these groups, inhibits activation of extracellular signal regulated kinase, and affects redox-sensitive signaling molecules, such as AP-1, NFκB, IκB, p53, p21
ras , and S-nitrosothiols (30) . Recent studies suggested that arsenic could cause cell death by inducing oxidative stress. Superoxide anion, one of the major sources for cellular oxidative stress, was detected in arsenic treated cells. Death of arsenic treated cell was inhibited by tiron and catalase, which have verified capability in inhibiting superoxide anion-treated cell death. In addition, by utilizing microarray technology, expression of HMOX1 gene, which can protect cells against oxidative stress, was observed after arsenic exposure. HMOX1 gene encodes heme oxygenase 1 which is trigger by oxidative stress (31, 32) .
Caspase and apoptosis
Arsenic may promote apoptosis by activating caspase and inhibiting telomerase activity. Caspase is cystein proteases, which cleaves key cellular proteins. Inhibition of telomerase activity results in increase of genomic instability and chromosomal abnormalities, leading to cell apoptosis (30).
Effects of Arsenic on molecule
Reacting with thiol-containing molecule -mechanism of trivalent arsenic toxicity
Trivalent arsenic compounds like MMA were able to combine with thiol containing compounds including lipoic acid, which is a major cofactor of pyruvate dehydrogenase (PDH). Carbohydrates depletion in animals that exposed to arsenite during experiment could be caused by trivalent arsenic induced inhibition of PDH through lipoic acid blocking (33) (34) (35) . In contrast, combining with nonessential thiol-containing compounds would induce detoxication (36).
Competing with phosphate -mechanism of pentavalent arsenic toxicity
As arsenate is an analogue of phosphate, pentavalent arsenical compound can compete with other phosphate-containing compound, resulting in damage on cell function. ADP-arsenate hydrolyzation could be formed during ATP synthesis. Decrease of ATP level was observed after exposure to arsenate during animal experiment (33).
Acute toxicity
With large homicidal dose, arsenic can cause cholera-like symptoms (acute poisoning) or even death. Contact dermatitis (exposed areas appear dense patches of deep red rice-size pimples with itchy feeling) is relatively less acute toxicity, which is often accompanied with eye conjunctival congestion, photophobia and tearing, pharyngeal swelling, lip vesiculation, and other mucosal irritation symptoms. The characteristics of severe inhalation poisoning in humans include gastrointestinal discomfort, vomiting, diarrhea, bloody urine, anuria, shock, convulsions, coma, and death (37).
Metabolism of arsenic
Pathway of arsenic metabolism
By cell uptaking and transporting of phosphate carrier, As(V) enters the cell and, subsequently, went to three different pathways: competing with PO 4 , binding to Polyphosphate Hydrolyzes rapidly and reduction to As(III) (38) .
The metabolism of As (III) is more complicated than As(V) in cell. Once As(III) enters the cell via cell uptake, there are 7 various results to go: Methylation, Se-GSH complex, GSH complex, protein thiol binding, dithuol binding, oxidative species and As(V) (38) . The pathway for arsenic metabolism is shown in Fig. 1 .
Oxidative methylation that occurs with free trivalent arsenical (AsIII(OH) 3 or CH 3 AsIII(OH) 2 ), and then reduction of the methylated arsenical. Because of reductive capacity of GSH, the resultant conjugates are trivalent arsenics but not pentavalent species (39, 40) . Moreover, after releasing arsenicals, the sulfhydryl groups of proteins may exist with the forms GS-S-Protein or disulfide bonds on proteins (39).
The treatment of arsenic poisoning: Dimercaptopropanesulfonic acid (DMPS)
DMPS has been used for the treatment of arsenic poisoningwith the function of promoting arsenic excretion and modulating arsenic species. DMPS can drive arsenic metabolites to out of cells and eliminate arsenic-induced accumulation of ROS to relieve the cell burden of arsenic. In addition, it can get As3þ away from cell and, simultaneously, inhibits the biomethylation of As3þ (41) . DMPS, DMSA and BAL which serve as chelator were used as antidote for arsenic poisoning for a long history. DMPS and DMSA can enhance arsenic excretion and decrease arsenic concentration in treating acute situation (42, 43) . BAL was also examined to be effective toward inorganic arsenic intoxication. However allergic reactions could be concerns for consumption of DMPS and DMSA while BAL can induce redistribution of arsenic and result in chronic impact as well (42).
Future Research Directions
Current study of arsenic in food is still in the primary stage, most only discussed the speciation, toxicity and determination method of arsenic. Many arsenic oxidation or removal methods have been applied to wastewater treatment, but are not suitable for food on account of the complexity system and strict limit of additive in food. Thus, it is still a great research space to find an appropriate way to remove arsenic in food. Photocatalytic oxidation and air oxidation compared to other methods have less impacts on the quality of food, so it is very worthy of deep study. Chen et al. have studied the BiVO 4 -catalyzed photooxidation of As (III) to As (V) in aqueous BiVO 4 suspensions in the visible light, and discussed the feasibility of its application in the rice paste [41] . But there are less people focusing on the effect of heating treatments on the arsenic oxidation by air. Our work team have conducted a series of experiments to establish a model system through high pressure cooking to explore the oxidation of As(III) as a function of heating temperature, time and ClO 2 , Na 2 SO 3 , H 2 O 2 which may present the possible oxidativity level in food. The results showed that the oxidation rate of As(III) increased with heating temperature and time. But how to apply the results to food processing still requires further studies.
